The sequence relatedness of ten isolates of the Colorado tick fever (CTF) serogroup of orbiviruses was examined by RNA-RNA blot hybridization. The 12 dsRNA genome segments of each of the isolates were electrophoresed in a 10 ~ polyacrylamide gel, the segments were transferred electrophoretically to membranes and hybridized to radiolabelled genomic RNA from CTF Florio mouse-adapted strain (CTF FMA) or CTF SS-18. All genome segments of the ten CTF viruses exhibited cross-hybridization signals with either CTF FMA or CTF SS-18, under conditions in which ~>74~ sequence homology was required to form stable hybrids. Although the dsRNA polyacrylamide gel profiles were unique for each isolate examined, the CTF genes did not exhibit sequence divergence as has been seen among other Orbivirus serogroups. These hybridization analyses suggest that the CTF gene pool is relatively homogeneous which may be a reflection of the lack of multiple serotypes of CTF strains in neutralization tests. Nevertheless, the hybridization signals of segments 4 and 6 were lighter than those of the other genes, indicating that these two genes exhibited the highest degree of sequence variability among these isolates. These data are compared with hybridization data on other Orbivirus serogroups.
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Short communication 1976). Unfortunately, Eyach did not grow well in BHK-21 cells, yielding insufficient quantities of its genomic RNA for these hybridization studies (data not shown). Virus samples were grown in cluster wells of BHK cells (5 × 105 cells/well), and the dsRNA was purified as described previously . Samples of dsRNA were electrophoresed in a 38 cm, Tris-glycine-buffered, 10~o polyacrylamide gel for 40 h (Laemmli, 1970) at 20mA. The gels were soaked in 0.1 rn-NaOH for 20min, in 4x TAE (40 mM-Tris, 20 mM-sodium acetate, 1 mM-EDTA pH 7.4) twice for 20 min each, and in 1 x TAE once for 20 min. The gels were cut in half horizonatally due to their large size, and the RNAs in the top and bottom halves were transferred electrophoretically to separate membranes. The RNA was transferred to Zeta-Probe membrane (Bio-Rad) in 1 x TAE as has been described (Bodkin & Knudson, 1985a) . The membranes were then baked for 2 h at 80 °C in vacuo.
Probes were prepared as described previously (Bodkin & Knudson, 1985b) . Briefly, 1 to 2 gg of viral dsRNA was radiolabelled to a specific activity of 5 x l0 s to 106 c.p.m./gg with 50 gCi of [5'-32p]pCp (England & Uhlenbeck, 1978; Knudson, 1981) , and the dsRNA segments were electrophoresed through 0.83 ~o (w/v) low melting point agarose (Sea Plaque, Marine Colloids, Rockland, Me., U.S.A.). Segments 1 to 10 and segments 11 to 12 were each excised from the gel in a single slice, extracted with phenol (Maruniak et al., 1984) , and hybridized to the samples on the filters.
Membranes were prehybridized at 42 °C for 3 to 4 h in prehybridization buffer (Bodkin & Knudson, 1985a , b, 1986 . Hybridization took place overnight at 52°C in hybridization conditions of Tm(RNA)-36. The amount of sequence homology required to form stable dsRNA hybrids under these conditions was ~>74~o (Bodkin & Knudson, 1985b) .
When the CTF isolates used in this study were probed with radiolabelled genomic RNA from CTF FMA, all 12 genes of the heterologous samples exhibited cross-reactive hybridization signals (Fig. la, b) . With the exception of R-6225, whose gene 6 exhibited a strong hybridization signal ( Fig. 1 a, lane 7) , gene 6 of the heterologous samples exhibited light signals when probed with radiolabelled RNA from CTF FMA (Fig. 1 a) . In particular, gene 6 of 64-V-37 ( Fig. l a, lane 3) was less cross-reactive than gene 6 of the other isolates. The autoradiogram (Fig. 1 a) was compared to lighter exposures of the same blot (data not shown) to confirm the differential levels of hybridization. Gene 4 also exhibited light hybridization signals, but only in the following samples ( Fig. 1 a) : 76-1-1078 (lane 4), 76-1-807 (lane 5), 76-1-1007 (lane 8), 71-V-11 (lane 9) and CTF SS-18 (lane 11). Since genes 3 and 4 of 64-V-37 comigrated in polyacrylamide (lane 3), the differential levels of hybridization between these two genes were not discerned. Genes I to 3, 5, 7 to 10 ( The CTF FMA probe was removed from the membranes (Figs. 1 a, b) as described previously (Bodkin & Knudson, 1986) , and the samples were probed with [5'-32p]pCp-labelled, heatdenatured genomic R NA from CTF SS-18 (Fig. 2a, b) . Again, the 12 genome segments of all the samples exhibited cross-reactive hybridization signals. With the exception of R-6225 (lane 7), gene 6 of all heterologous samples exhibited light signals (Fig. 2a) C T F gene relatedness is summarized in Table 2 . Since positive hybridization signals represent ~>74~ sequence homology, these data represent a conservative estimate of the genetic relatedness of these isolates. The segments that consistently exhibited strong signals are designated ctf. Genes that exhibited a strong signal with either the C T F F M A Or C T F SS-18 probes are designated according to which probe yielded the stronger signal. Genes that Short communication Fig. 2 . The CTF FMA probe was removed from the membrane used in Fig. 1 (a) as described previously (Bodkin & Knudson, 1985b ) and the samples were probed with [5'-32p]pCp-labelled, heat-denatured genes 1 to 10 from CTF SS-18 (a). The CTF FMA probe was removed from the membrane which was used in Fig. 1 (b) and the samples were probed with [5'-32p]pCp-labelled, heat-denatured genes 11 and 12 from CTF-18 (b). Hybridization conditions and lanes are designated as in Fig. 1 .
exhibited light signals with both probes are designated (?). Gene 4 was either closely related to CTF F M A , or closely related to C T F SS-18. Gene 6 of all isolates with the exception of R6225 differed from both CTF F M A and C T F SS-18, and therefore it exhibited the highest degree of sequence variability among these isolates. In a subsequent experiment, radiolabelled genomic R N A from CTF SS-18 was hybridized to the membranes at higher stringency (68 °C, 5 0~ formamide, 5 x SSC). These hybridization * Genes are scored for their degree of genetic relatedness as has been described elsewhere (Bodkin & Knudson, 1985 b, 1986 . Lower case designation indicates cross-reactivity in the hybridization signal with ctf representing a Colorado tick fever virus serogroup gene, fma represents a CTF FMA gene, ss-18 represents a CTF SS-18 gene, and ? represents an additional variant gene that cannot be attributed to either CTF FMA or CTF SS-18. t Since genes 3 and 4 of 64-V-37 comigrate in polyacrylamide, the relative intensities of the hybridization signals of these two genes could not be determined. Therefore, both genes were designated ctf.
conditions [Tm(RNA) -20] require i> 86~o sequence homology for formation of stable hybrids (Bodkin & Knudson, 1985b) . Again, all 12 genes of the heterologous isolates exhibited crosshybridization signals, providing further evidence for the high level of genetic relatedness among these strains (data not shown).
The fact that all 12 genes cross-hybridized with the CTF FMA and CTF SS-18 cognates provided a constrast with previous studies of reovirus serotypes 1, 2 and 3 (Bodkin & Knudson, 1985a) and Palyam serogroup viruses (Bodkin & Knudson, 1986b . In each of these groups, a single gene was identified that did not cross-hybridize to its cognates in the other isolates. Among the three reovirus serotypes, this segment was S 1 which is the gene that encodes the reovirus neutralization antigen (Weiner & Fields, 1977) . Among Palyam serogroup viruses, gene 2 was correlated with serotype specificity (Bodkin & Knudson, 1985b . Therefore, the lack of serotype specificity of CTF isolates in neutralization tests (Karabatsos, 1979) is reflected by these hybridization data.
Insight into the evolutionary relationships of these strains is provided by comparison of their gene 4 and 6 relatedness ( Table 2) . Gene 4 of each isolate exhibited a light signal with either the CTF FMA or CTF SS-18 probe. Therefore, isolates possessing a gene 4 that is more closely related to its cognate in CTF SS-18 represents an evolutionary branch distinct from those exhibiting an 'FMA-like' gene 4. The sixth gene of FMA and SS-18 represent two variants of the gene as evidenced by their strong hybridization with homologous samples and weak hybridization with all heterologous samples (Bodkin & Knudson, 1986) . Since a minimum of three variants of gene 6 is represented by these samples, this gene may have been subjected to a stronger evolutionary pressure to change over the past 33 years.
In previous hybridization studies, unique genes were identified; that is, the genes did not cross-hybridize (Bodkin & Knudson, 1985b . The unique genes were also correlated with type-specific reactivity in neutralization tests among members of an Orbivirus serogroup, implicating the vertebrate immune system as the major cause of sequence divergence within the serogroup (Bodkin & Knudson, 1985 b, 1986 . CTF isolates appear to represent a remarkably homogeneous gene pool when compared with other Orbivirus serogroups. The genetic stability of CTF isolates suggests that they have experienced minimal evolutionary pressure from the vertebrate immune system, and it may implicate the tick vector as the primary reservoir for the maintenance of the virus in nature. D. andersoni is a long-lived, three-host tick which provides a stable, insular environment when compared with other arthropod vectors (Emmons, 1981 ; Eads & Smith, 1983) . Since the reassortment of genome segments in ticks infected with two CTF
